Constructing wetlands to offset lost wetlands and maintain wildlife habitat has been widespread and relatively successful in North America (Whitman 1976; Leschisin et al. 1992; Creighton et al. 1997) . In Ontario, most of the initiatives have occurred in the south where wetland losses have been extensive. Wetland creation has been less common in the boreal part of the province where wetland losses have not been perceived to be important (Ritchie 1988) . However, some boreal regions with glacio-lacustrine soils have seen significant numbers of wetlands lost to conversion for agriculture. One such area in northeastern Ontario is the Little Clay Belt (LCB), where many of the wetlands were drained for agriculture in the early 1900s (Davies et al. 1996) .
Marshes were more extensive before settlement in the LCB and probably once supported a large population of waterfowl (Davies et al. 1996) (Figure 1 ). Marsh habitat is particularly critical for wetland birds and is one of the rarest wetland types in the boreal region (National Wetlands Working Group 1988) . To address wetland losses in the LCB, Ducks Unlimited Canada (DU) and its partners have initiated a number of wetland creation projects, including Hilliardton Marsh in the Hilliardton Marsh Provincial Wildlife Area (HMPWA) (Figure 1 ). This constructed wetland is 209ha and one of the largest projects of its kind in Ontario. The wetland was created primarily for waterfowl brood-rearing habitat, and secondarily as staging habitat for waterfowl migrating to and from the Hudson Bay and James Bay lowlands (Davies et al. 1996) . It was constructed between 1993 and 1997 and comprises five cells contained within 8.6 km of dikes. This site is managed by DU and water is drawn from the adjacent Blanche River.
In May and June 1993, a pre-construction inventory of the vegetation and bird communities at the Hilliardton Marsh site was commissioned by the Ontario Ministry of Natural Resources (OMNR) and DU. Results from the 1993 inventory indicated that the vegetation was predominantly upland and that only five species of wetland birds were observed on site (Davies et. al. 1996) . Regionally rare birds were observed on the site and included Upland Sandpiper (for scientific names of birds see Table 3 ), Short-eared Owl, Eastern Meadowlark, and LeConte's Sparrow. Preliminary post-construction vegetation (Gilbert 1997) and bird surveys (Huizer and Henshaw 1997*) were completed in 1997 before the wetland was fully constructed. Results indicated that shallow water wetland and marsh habitat was created and that waterfowl and other wetland birds were attracted to the wetland (Huizer and Henshaw 1997*) .
Few studies have examined the breeding bird communities in the Clay Belt of northern Ontario (Smith 1957; Erksine 1977) , which is an important area from 64 the perspective of marking the northern, eastern, and southern limits of the ranges of several bird species (Smith 1957) . The purpose of this study was to determine the effects on the breeding-season bird community of complete construction of Hilliardton Marsh one year after completion and relate any changes to habitat transformation. The cells were aged from one to five years at the time of the survey. Our intent was not to provide a definitive assessment of wetland construction on breeding-season birds, but to illustrate the initial impacts of wetland construction on the bird community. Our specific objectives were to: (1) quantify habitat change in area flooded for the wetland and at the survey stations, (2) compare total and bird group species richness before and after wetland construction, (3) compare total and bird group species abundance before and after wetland construction, (4) determine changes in total and bird group rare species between years, and (5) examine the relationship between degree of habitat change and bird species richness between years.
We hypothesized that post-construction bird surveys would be dominated by wetland dependent species at stations with high habitat change, whereas survey stations with little or no habitat change would continue to be dominated by upland species. Stations with moderate habitat change would have the highest number of species and abundances. We hypothesized that rare species would increase with the addition of wetland habitat and we expected no change in any variables at the control stations.
Study Area
Hilliardton Marsh Provincial Wildlife Area is 20 km north of New Liskeard, Ontario, Canada (47°46'N; 79°42'W; 190 m a.s.l.). The topography is relatively low relief and the glacio-lacustrine soils are clay-rich (Dredge and Cowan 1989) , which together have contributed to poor drainage. The site lies in the greater Mid-Boreal Wetland Region where peatlands are the dominant wetland types (National Wetlands Working Group 1988) and approximately 4% is marsh (Riley 1988) .
The LCB has cropland and pasture, second-growth mixed hardwood forest, and various types of natural wetlands that include mixed deciduous and coniferous swamp, fen, bog, and tall shrub swamp (Davies et al. 1996) . Prior to construction, Hilliardton Marsh was agricultural land in various states of use and abandonment, with some second-growth Trembling Aspen (Populus tremuloides) forest. Approximately 20% of the area was shrub swamp dominated by Speckled Alder (Alnus incana ssp. rugosa) and willows (Salix spp.) (Davies et al.1996) . THE CANADIAN FIELD-NATURALIST Vol. 119
Methods

Habitat Survey
Pre-construction habitat was delineated using a site plan (Ducks Unlimited 1986*) and post-construction habitat with 1998 aerial photographs (1:5000) and field reconnaissance. Description of the wetland classes followed the Canadian Wetland Classification System (National Wetlands Working Group 1997) and vegetation communities were defined by dominant vegetation forms following the Northern Ontario Wetland Evaluation (Ontario Ministry of Natural Resources 1994). The aereal coverage for each of the vegetation communities was calculated with a light planimeter for 1993 and 1998, and the extent of habitat change after flooding was determined. Habitat change within each of the 30 200 m radius (12.6 ha) pointcount stations was also calculated. All of the wetland survey stations except two contained primarily upland habitat before flooding. Habitat change was therefore considered a general indicator of new wetland habitat. Stations were classified into three categories based on percent habitat change as follows: little or no change (0-19%, 0-2.4 ha), moderate change (20-54%, 2.5-6.8 ha), and high change (55-100%, 6.9-12.56 ha).
Bird Surveys
Thirty 200 m radius avian point-count stations were established as repeatable survey points in 1993 (Huizer and Henshaw 1997) (Figure 1 ). Twenty-four of the wetland survey stations were placed 400 m apart (centre to centre) on the proposed wetland impoundment berms and were used to detect changes in the bird community related to wetland construction. Six control stations were located 400 m outside the dikes away from the flooding and were used to detect changes in species composition not associated with the flooding event (e.g., weather) [Inset image in Figure 1 ].
To provide a bird community data set comparable to that from 1993, we completed bird surveys at the same stations, during the same survey period, and for the same duration as the 1993 surveys. Different observers were used in 1993 and 1998, but the survey standardization minimized the probability of bird diversity changes between years being attributed to unequal sample effort (Elphick 1997) . Stations were surveyed between sunrise and 10:00 am when there was good visibility, no precipitation, and little wind. Upon arrival at the station the surveyor faced north, waited five minutes, and then recorded all bird movements and auditory calls during a 10-minute interval (Canadian Wildlife Service 1997*). Pre-construction point-counts were conducted 22-24 May and 11-13 June 1993. Post-construction surveys were conducted 23-25 May and 18-20 June 1998. Birds were also noted outside of the survey circles in the study area during the survey period in both years to determine total species richness and composition.
Bird Groups and Species Classification
Bird species abundance (e.g., common, rare) and status (e.g., breeder, migrant) within the LCB region were determined according to a regional bird list (Temiskaming Field Naturalists 1994*) and the Northern Ontario Wetland Evaluation System (Ontario Ministry of Natural Resources 1994). Species were considered breeding on the site if there was a singing male on territory; a pair was observed, individuals were carrying food, or there was agitated behaviour (territoriality) (Huizer and Henshaw 1997*) . Species recorded for counts during the May period were only considered breeding on the site if they were within their traditional breeding range, whereas species outside their known range were considered migrants. Species classified as migrants were removed from the breeding-bird data-sets in order to compare breeding-season birds within the LCB region. However, all species in the area during surveys were recorded by including birds observed outside of survey plots. The May and June bird surveys were combined to include both early and late breeding species (approximately 15 May -15 July).
We classified bird species into five groups based on wetland/aquatic habitat dependency as determined and further modified by life history descriptions in Cadman et al. (1987) to better reflect boreal bird communities as follows: I. Obligate Wetland (found greater than 99% in wetlands); II. Facultative Wetland (57-99%, generally found in or near wetlands); III. Facultative (34-56%, occurs frequently in wetlands, but wetlands are not essential); IV. Facultative Upland (1-33%, occasional or no use of wetlands); and V. Upland (found greater than 99% in uplands).
The assignment of species groups or rankings to species and the results of associated statistical analyses have been a matter of discussion among experts (Simberloff and Dayan 1991) . In particular, assignment of scarce species to categories, however defined, may be error-prone. However, our intent in using bird groups was to consider and monitor the bird community as a whole, with minor differences in individual rankings having little impact on the final analysis (c.f. Croonquist and Brooks 1991) . Bird nomenclature in this study follows the American Ornithologist Union 
Data Analysis
We assumed that the point-count circles were large enough (200 m radius, 12.6 ha in area) to include all or portions of territories for many breeding-season bird species and that the total coverage was representative of all habitat types measured at Hilliardton Marsh. The stations were 400 m apart, much farther than the minimum 250 m suggested by Freemark and Rogers (1995) and Ralph et al. (1995) to limit double counting. However, although station edges were touching and some independence in bird observations may be compromised, the temporal scale was relatively small and the change in species richness and presence at stations was of most interest to us in this study (see Bibby et al. 1993) .
The calculation of bird abundance directly from point-count data is problematic (Bibby et al. 1993; Ralph et al. 1995) . This is especially true with large survey circles as used in this survey, as the detectability of birds varies greatly among different habitats (Hutto et al. 1986 ), among bird species (Ralph et al. 1995) , and distance from observers. Instead, we used the number of stations at which a species was observed each year as a proxy for species abundance (station/species/year). We assumed that if the actual abundance of a species increased, the probability that at least one bird is observed at a station would increase. Although there is potential to artificially inflate abundance due to the possibility of several stations equating the presence of only a single individual of a species, there is also a higher probability that a species will be present at a station and thus the expected number of stations at which that species is observed will also increase (Debinsky and Humphrey 1997) .
Species counts were categorized by bird group and year, and by degree of habitat change and year. For statistical analysis, we assumed that bird observation stations and observations were independent of each other and utilized time-series statistical analyses (Hurlbert 1984 ). Wilcoxon's Rank Sign tests were used, as the untransformed and transformed data failed Levene's Test of Equality (SPSS Inc. 2002) . This test was used to determine significant changes in mean numbers of total species and species/station for the wetland stations and control stations, changes between years for number of stations/species, a proxy for abundance, and changes between years of species/ station by low, moderate, and high habitat change. The McNemar Test for Significance of Changes (Conover 1980) was used to test for the significance of between-year (1993, 1998) changes in the number of stations at which a particular species was observed. All data analyses were completed using SPSS ver. 11.5.1 (SPSS Inc. 2002) , except for the McNemar Test which was programmed using Microsoft Excel ® . This study was somewhat constrained by the survey design used for the original 1993 study, and presented a number of limitations on the interpretation of our results. The Canadian Wildlife Service point count survey protocol was not specifically designed for open wetlands, for which the employment of broadcast bird calls to illicit responses from more secretive wetland birds is often used; wetland birds are often less evenly distributed than upland species, increasing the difficulty of sampling efforts (Bell et al. 1973) . Because only two survey stations were not peripheral (i.e., did not include edge), diversity may be unrepresentatively high for wetland birds, and under sampled in other stations (see Erskine 1977) . The use of six control stations may not be enough to accurately detect changes, as even if habitats were uniform, changes detected may not be truly representative for the area. With respect to the May count dates in low boreal habitats, some insectivorous birds may be under-represented due to not having returned in breeding numbers. Additionally, some of the rare species may be vagrants outside of their normal breeding range. Despite these limitations, we feel that the data contributes much needed information on not only breeding season birds in the Clay Belt where there have been few studies, but on the effects to birds of creating rare wetland habitat in a region with high wetland losses.
Results
Habitat Change
Habitat change was dramatic after the construction of Hilliardton Marsh. The agricultural fields that encompassed 71% of the site (145 ha) were largely submerged and all of the Trembling Aspen forest was flooded (13% or 27 ha) ( Table 1 ). The new wetland consisted of 54% marsh (112 ha), wetland with shallow water and dominated by emergent aquatic graminiods, 29% deciduous swamp (61 ha), wooded wetland dominated by either trees or shrubs, and 13% shallow water wetland (27 ha), wetland with standing or flowing water less than 2 m in mid-summer, and dominated by floating aquatic macrophytes (National Wetlands Working Group 1997). Aerial photographs taken in 1998 indicated that a large proportion of the marsh exhibited hemi-marsh habitat (50:50 open water/ vegetation), which is attractive to aquatic birds (Weller 1994) .
Habitat change at the survey stations was also significant, with four stations in the high change category (55-100%), 20 stations in the moderate change category (20-54%), and the six control stations in little/no change category (0-19%). Fifteen of the 24 stations that were flooded as a result of wetland construction exhibited habitat change of at least 50%.
Total Bird Species Richness
After wetland construction the total bird species richness on site increased 34% from 72 species in 1993 to 109 species in 1998. The 109 species represent 49% of the 222 birds that are known to occur on the LCB at any time as year-round residents, migrants, breeders, or winter residents (Temiskaming Field Naturalists 1994*) (Tables 2 and 3) . At the HMPWA, 56 breeding species were observed, which reflects 36% of the 156 breeding species found in the in the LCB. This number increased to 87 species in 1998, or 56% of total observed breeding species in the LCB.
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Survey Stations and Bird Groups
Before construction of Hilliardton Marsh in 1993, most birds observed at survey stations were upland (30%), facultative upland (25%) and facultative species (25%) (Tables 2 and 3). Only 14% were facultative wetland species and 5% were obligate wetland species. One year after wetland construction (1998), 30% of the survey station birds were obligate wetland species, with 22% each as facultative and upland species, 17% as facultative upland, and 9% as facultative wetland.
There were significant differences between years for overall richness at the wetland survey stations (P ≤ 0.001), and the average number of species/station increased from 12.6 in 1993 to 20.7 in 1998. These differences, however, were not constant across the groups (Figure 2 ). Birds in three groups increased significantly in richness including obligate wetland species, 0.5 to 7.0 species/station (P ≤ 0.001), facultative wetland species, 1.5 to 2.0 species/station (P = 0.011), and facultative upland species, 3.5 to 4.4 species/station (P = 0.026). There were no significant differences between years for overall richness or number of species/station for total or grouped birds at the control stations.
Small increases in numbers of stations/species, a proxy for abundance, were observed in all five groups (Table 3) , but significant differences were only evident in the obligate wetland group (P < 0.001). This group increased from 0.5 to 8.0 stations/species. Regionally rare Pied-billed Grebe, American Wigeon, and Northern Shoveler had particularly high relative increases in observations between years (Table 3 ). The provincially rare Yellow Rail was counted at one station during the 1998 survey, but individuals were heard calling in at least two other locations within the marsh during Twenty-one species had significant differences (P = 0.039 to P < 0.001) in station counts between 1993 and 1998, most of these as increases. Twelve species (57%) were obligate wetland, two were facultative wetland, four were facultative, and three were facultative upland species. All obligate wetland species had positive changes between years. Those species with losses included Wilson's Warbler (facultative wetland) (P = 0.002), Alder Flycatcher (facultative) (P = 0.012), Ruby-crowned Kinglet (facultative) (P = 0.008), and Mourning Warbler (facultative) (P = 0.039). Red-winged Blackbirds (facultative wetland) were recorded in 23 wetland stations and one control station in 1998; there were only two station observa- 
tions in 1993 (Table 3) . Presence of the regionally rare LeConte's Sparrow remained constant at four stations between 1993 and 1998.
Habitat Change and Bird Groups
Overall numbers of species/station increased between years in similar magnitude at stations with with no habitat change had 13.3 and 14.0 species/ station for each year. The high variability in the high habitat change data suggests the sample size of four was too small for significant results (P = 0.068). By bird group, the distribution of species was somewhat more even and less variable in stations with moderate habitat change than in the other groups. However, the results were not significant (Figure 3 ).
Rare Species
Twenty-seven rare species were observed on site during the 1998 survey, more than double the 11 rare species observed in 1993 (Table 4 ). The most notable new rare species were the nationally threatened Pere- grine Falcon and four provincially significant species, including Horned Grebe, American Coot, Yellow Rail, and Black Tern. Most of the rare species observed in 1998 had some degree of wetland dependency, with 14 as obligate wetland and four as facultative wetland. In contrast, only two of the 11 rare species observed in 1993 were provincially significant: Short-eared and Great Gray Owls. Five rare species surveyed in 1993 were not observed during the post-constructions surveys and included Short-eared Owl, Upland Sandpiper, Connecticut Warbler,Wood Thrush, and Great Gray Owl (Table 4) .
Discussion
Habitat Change and the Bird Community Habitat heterogeneity can be an important element in attracting a wide variety of bird species, especially in wetlands (Creighton et al. 1997 ). Wetland complexes of varying water depths and flooding duration often lead to the most comprehensive array of habitat types for birds (Murkin et al. 1997) . Habitat change at Hilliardton Marsh was not only dramatic but resulted in an overall increase in habitat types. In 1998, 54% of Hilliardton Marsh was marsh habitat one to five years old. Increased vegetation diversity, percent cover, and structure attract a greater diversity of birds compared to less vegetated marshes (Whitman 1976; Kantrud and Stewart 1984; Delphey and Dinsmore 1993; Weller 1994; VanRees-Siewert and Dinsmore 1996) . Many edge habitats were created and these are prime habitat for many bird species (Cyr et al.1995) . Where water meets land, i.e., riparian areas, insectivorous bird abundance is often the greatest (Iwata et al. 2003) . Survey stations with moderate habitat change tended to have the greatest diversity of habitats, many with hemi-marsh vegetation development, and in turn had significant increases in total species richness. Abundance and status codes: CB -common breeder, RM -rare migrant, CM -common migrant, UB -uncommon breeder, C -common, R -rare, RB -rare breeder, RW -rare in winter, VB -very rare breeder, VM -very rare migrant, UWuncommon in winter, V -very rare, CR -common resident.
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Constructed wetlands may evolve towards the ecological characteristics of natural wetlands within a few years (Sistani et al. 1999) , and wetland age has been positively correlated with increases in native wetland plant species diversity and richness (Reinartz and Warne 1993) . Compared to younger wetlands with less vegetation development, wetlands four years of age have been found to have higher wetland avian species richness (VanRees-Siewert and Dinsmore 1996; Wan et al. 2001) . This corresponds to the average wetland cell age at Hilliardton Marsh of 3.5 years with a range of 1-5 years in 1998. Smaller areas with homogeneous stands of Cattail (Typha latifolia) (with some open water) are critical for attracting species such as Marsh Wren (Verner and Engelson 1970) , and this rare regional breeder was first seen at Hilliardton Marsh in 1998. However, vegetation communities are dynamic and this study captured only the initial effects of wetland vegetation development on the bird community. In new impoundments, plant succession tends to advance to stable, rooted aquatic plants and rapidly increasing invertebrate populations have been found to stabilize within two years. Thus, the initial conditions that proved favourable for many species of waterbirds diminishes (Whitman 1976) . Unless the vegetation communities are maintained for a diversity of habitat types by managers, the bird community at Hilliardton Marsh will continue to change, especially for obligate wetland species. For example, increased growth of Cattail between 1998 and 1999 was documented and would attract certain birds; e.g., Marsh Wren and Red-Winged Blackbird, but displace others that favour more open habitats, e.g., diving ducks. Wooded wetland habitats such as treed swamps are used by some waterfowl for nesting or cover (Cadman et al. 1987; Merendino et al. 1995) , including Common Goldeneye, Ring-necked Duck, Hooded Merganser, and Wood Duck (Table 3 ). The treed swamps at Hilliardton Marsh are temporary habitat, as the dominant tree is Trembling Aspen, a non-wetland species. Although these trees were alive one year after the Hilliardton Marsh was constructed, the extended flooding would eventually kill the trees leaving a dead-tree swamp (c.f. Ontario Ministry of Natural Resources 1994). That habitat structure will eventually collapse with high water levels and inevitably become marsh or shallow water habitat that is less attractive to birds with wooded-wetland affinities. (Cadman et al. 1987; Gauthier and Aubry 1996) . Similar studies on the effects of restored or created wetlands have shown significant increases in numbers of obligate wetland species, numbers of individuals, and rare obligate wetland species (Dick 1993; Hickman 1994; Pollard et al. 2000) . Of the rare birds observed at Hilliardton Marsh, of particular importance are those that are provincially significant. American Coot, Black Tern, and Yellow Rail are rare breeders in northern Ontario (Cadman et al. 1987) . Amerian Coot and Black Tern have declined in numbers and distribution over the past two decades (Cadman et al. 1987; Austen et al. 1994) , and Yellow Rails are among the most reclusive birds in Ontario (Bart et al. 1984) .
It is also significant that observations and abundances of many species of rare birds did not change between years. Open, riparian habitat for the facultative wetland LeConte's Sparrow (Cadman et al. 1987) lost during wetland construction was recreated during the same process in different locations. Open, prairietype habitat that is suitable for Horned Lark and Eastern Meadowlark (Cadman et al. 1987 ) was maintained.
Additionally, some new and rare birds, mostly at the local level, were observed from the facultative, facultative upland, and upland groups during 1998. These included Warbling Vireo, Gray Catbird, Baltimore Oriole, and Brown Thrasher (Table 3) . Some rare species such as Upland Sandpiper and Connecticut Warbler observed in 1993 were not observed in any of the post-construction surveys, and this could be attributable to natural variation within the bird population (Holyoak and Baillie 1996) . We were reasonably confident that varying weather conditions; e.g., drought, was not a factor affecting bird species abundance between years. Long-distance migrants such as Ovenbirds and Red-eyed Vireos are often more susceptible to drought (Blake et. al. 1992) ; numbers recorded in the control stations were stable between years and precipitation records for the study period indicated no anomalies.
Continued monitoring of the bird community at Hilliardton Marsh would be necessary to determine long-term trends at the species level, especially for rare species. Additionally, new wetland projects run the risk of eradication of existing important habitat or have negative impacts on rare species (Keddy and Wisheu 1989; Hickman 1994) . Maintaining habitat amenable to all rare species should be a high management priority at Hilliardton Marsh.
Conclusions
This study provides an initial view of the response of the bird community during the breeding season to wetland construction in a region where there have been few studies on birds. Bird diversity increased significantly in response to wetland construction, especially wetland birds. Constructed wetlands are not always successful in augmenting the bird community and the intended use and consequences must be carefully planned (Zhijun et al. 2004 ). The original aim of creating Hilliardton Marsh was to provide waterfowl habitat, and this and related work (Locky 1999) have shown this aim to be met. However, wetland construction has also attracted a range of non-target, nonwaterfowl wetland species, while maintaining the natural diversity of the original upland bird community, including rare species. A number of new wetland rare species were also attracted. This construction has been particularly favorable because the marsh habitat that was introduced is rare in the region. Therefore, the type of habitat being created is an important consideration when designing wetland construction projects and is also a consideration for continued management of constructed wetland systems. Like all wetlands, constructed wetlands are dynamic systems and long-term management and surveys would be required to ensure that the enduring potential of providing wetland bird habitat is maintained.
